Introduction
It has been recently clarified that noncyanobacterial phototrophic bacteria have been widely distributed in surface seawater environments, contributing to food web structures and biogeochemical cycles (Kolber et al. 2000) . Aerobic anoxygenic phototrophic bacteria (AAPB) were firstly isolated from seaweeds and seasand in Japanese coastal waters in 1979 (Shiba et al. 1979) . These bacteria were the newlynamed genus Erythrobacter and genus Roseobacter. The seasonal distribution of bacteriochlorophyll-containing bacteria in Otsuchi Bay in 1995 was reported (Shiba 1995) . The maximum percentage of these bacteria was 57% of the total viable count. In 2000, Kolber and colleagues reported a wide distribution of AAPB in oceanic waters by means of the direct measurement of BChl-a variable fluorescence. AAPB abundance was 11% of the total bacteria, and the BChl-a concentration was 5-10% of total Chl-a concentration, implying their significant role in pelagic ecosystems. AAPB require organic carbon for their growth and have little capability of carbon fixation. However, ATP production by experiment was then continued for 9 days in the dark. Subsamples were collected everyday to measure Chl-a concentration, POC, PON, DOC, inorganic nutrients, and bacterial abundance.
AAPB abundance and their actively growing fraction
Seawater was collected in the South Pacific in 2004, Saromako Lagoon in 2007, and Sagami Bay in 2008. Bromodeoxyuridine (BrdU) was added to the water and incubated for 5 h on deck at the in situ temperature to label actively growing bacteria (Hamasaki et al. 2007) . After the incubation, seawater was filtered onto a 0.2-mm-pore-size membrane filter. The filters were subjected to DNA extraction, BrdU magnetic beads immunocapture, and real-time PCR, to quantify copy numbers of the pufM gene coding one of the core proteins of the photosynthetic reaction center.
Results and Discussion

Otsuchi Bay monitoring
Abundance of AAPB was higher at the chlorophyll maximum layer (11-13 m) than at the surface (1 m) in May, 2007.
Also, the depth integrated number of AAPB was positively correlated to the integrated Chl-a concentration during a bloom period from February to May in 2008 (Fig. 1) . These results suggest that the supply of organic matter can control the abundance of AAPB in a mesotrophic seawater environment.
During the 15-day mesocosm experiment, the AAPB abundance ranged from 9.0 ¥ 10 2 to 3.8 ¥ 10 4 cells mL -1 , or from 0.09 to 3.21% of the total bacterial abundance, showing a drastic increase in response to the phytoplankton bloom. Interestingly, the increase of AAPB abundance was 3 days faster than the increase of the total bacterial abundance, implying that their rapid growth was probably due to the supply of light energy.
AAPB abundance and their actively growing fraction
AAPB abundance ranged from 3.5 ¥ 10 to 2.3 ¥ 10 5 cells mL -1 , while total bacterial abundance ranged from 1.6 ¥ 10 5 to 1.4 ¥ 10 7 cells mL -1 . The percentage of AAPB was less than 0.1% of the total bacteria in the South Pacific, whereas it was more than 2% in some stations in the Southern Ocean and Saromako Lagoon ( Fig. 2) . We found abundant AAPB in lowtemperature environments, suggesting the presence of cold-adapted populations, or phylotypes of AAPB. Analysis of BrdUlabeled fractions of AAPB revealed that actively growing AAPB were more abundant at 0 m than at 40-and 100-m depths of sampling in Sagami Bay. Also, they were more abundant in sea ice than in the surrounding seawater in winter in Saromako Lagoon. Actively growing AAPB abundance showed a strong positive correlation to Chl-a concentration (Fig. 3) . Although the correlation between AAPB abundance and Chl-a concentration had already been suggested (Sieracki et al. 2006) , the relationship between the growth of AAPB and Chl-a concentration is shown for the first time in this study. The combination of BrdU labeling techniques with real-time PCR quantification of an AAPB functional gene has revealed a factor possibly controlling their growth and abundance in seawater environments. Our study shows that such an approach can be a powerful tool for studying the dynamics of AAPB in natural environments.
